In 1971, Knudson proposed his now-famous two hit hypothesis, developed further by Comings (1973) , stating that both homologues of a single, critical gene must be inactivated for tumour initiation. It is now generaly accepted that loss of heterozygosity (LOH) is one means of 'exposing' the initial recessive mutations in genes which, through their normal action, prevent the development of tumours, hence their name 'tumour suppressor genes'. This phenomenon was first described by Cavenee et al. (1983) in retinoblastoma tumours where the initial causative mutation was often duplicated at the expense of the normal allele. The mechanisms by which this was achieved included deletion, mitotic recombination and chromosome non-disjunction although, in a proportion of cases, the second mutation could be an independent mutational event in another part of the gene (Dunn et al., 1989) . Since this observation many human hereditary cancers have been shown to lose heterozygosity at the chromosomal locus known to contain the predisposing gene (see Stanbridge, 1990 for review). The situation, however, is not so straightforward, since in Wilms' tumour (WT), for example, where constitutional deletions of chromosome region lip13 consistently predispose to tumorigenesis, LOH is only seen in 30% of tumours (Mannens et al., 1988; Wadey et al., 1990) , compared with 70% in Rb (Cavenee et al., 1983) . It is also clear that LOH in WT is not confined to region 1 lp13 but often extends into llplS and, in some tumours, LOH is restricted to the 1 1p15 region (Wadey et al., 1990) . This would suggest that tumour suppressor genes are present in both lp 13 and 1lpl5 which may act alone, or in concert, giving rise to tumorigenesis. The 1lpl5 locus is believed to be the same one which apparently predisposes to Beckwith-Wiedemann syndrome (BWS), a complex malformative condition which also predisposes to the development of WT and other abdominal tumours (Wiedemann, 1983) . Some cases of BWS have been shown to carry constitutional reciprocal chromosome translocations with one breakpoint in lp 15 (Waziri et al., 1983) although it now appears that these breakpoints may cluster in two separate regions (M. Mannens personal communication). Although little is known about the Ipl5 gene(s) associated with Wilms' tumorigenesis a gene from 1 Ip13 was recently cloned (Call et al., 1990; Gessler et al., 1990) which was termed WTI . The WT1 gene contains 10 exons, the last four of which code individually for four zinc finger motifs, involved Received 9 September 1992; and in revised form 21 January 1993.
in DNA binding (Call et al., 1990; Gessler et al., 1990) . The tissue-specific expression pattern of WTI (Call et al., 1990; Pritchard-Jones & Fleming, 1991) supports its role in the development of the kidney, as well as the genital system. In a small percentage of patients with WT there is an association with aniridia, genitourinary abnormalities and mental retardation, the so-called AGR triad (Riccardi et al., 1978) . These patients frequently carry constitutional deletions of the short arm of lIp always involving Ip 13 (Narahara et al., 1984) . It has already been shown that the remaining WT1 allele in these AGR patients is also mutated (Brown et al., 1992; Baird et al., 1992a) implicating this gene in tumorigenesis. The other tumours where it might be expected to find WT1 mutations is in those showing LOH at lIpl3. We recently reported our analysis of a large series of Wilms' tumours where LOH had been characterised (Wadey et al., 1990) and, in this study, we have analysed the WTl gene sequence for mutations in these tumours.
Materials and methods
For single strand conformational polymorphism (SSCP) analysis individual WT1 exons were amplified using the primers and conditions described in detail by Baird et al. (1992b) . Amplified products varied in size between 120 and 255 bp and as such are ideal for SSCP analysis without prior digestion with restriction enzymes. Individual PCR products were electrophoresed through 6% non-denaturing polyacrylamide gels at 30 W in a cold (± 4C) room for 6 h. The gels were processed for autoradiography in the standard way and exposed without intensifying screens for 24-48 h.
For the sequencing reaction one of the primers used was biotinylated (Baird et al., 1992a) which allowed recovery of the PCR product using magnetic strepavadin-coated beads (Dynal, Merseyside) without contamination with the unincorporated primers. The non-biotinylated oligonucleotide was then used to prime the sequencing reaction using the conditions described in detail by Hogg et al. (1992) .
Results and discussion
Of the tumours reported by Wadey et al. (1990) showing LOH in lIp, three involved only the IIpS5 region. DNA was only available from six of the remaining eight tumours which showed LOH for Ip 13 (Figure 1 ). We decided to investigate whether mutations were present in the retained copy of the (Pelletier et al., 1991a) . As such tumours from these patients cannot be classified as truly sporadic and, indeed patient GOS 217 was shown to have a constitutional mutation in exon 6 (Baird et al., 1992a) which became homozygous in the tumour. From the five sporadic tumours showing LOH no band shifts were seen in the SSCP gels from any of the exons. Previous Southern blot analysis of LOH in these tumours (Wadey et al., 1990) showed only weak (if any) bands in the position of the lost allele suggesting only very mild infiltration of normal cells. Since the same DNA was used in the SSCP analysis we feel confident that the presence of normal cells in the tumour is not masking any mutation in the tumour cells. In fact, we have clearly shown that mutations are detected easily by SSCP when only 50% of the DNA carries the abnormality (Baird et al., 1992a) .
Major structural rearrangements of WT1 have been shown in less than 10% of Wilms' tumours and, using Southern blotting techniques, all of these were shown to be deletions (Brown et al., 1992; (Jadresic et al., 1991) , carry constitutional mutations in WT1 (Baird et al., 1992b; Pelletier et al., 1991a,b) . All of these mutations are found in the zinc finger region of WT1, with the one exception from our series, where a mutation in exon 6 was observed in GOS 217. This bias towards the zinc finger region was also observed for larger intragenic deletions (Brown et al., 1992; Cowell et al., 1991; Tadokoro et al., 1992) as well as in patients with constitutional lip13 deletions (Baird et al., 1992b; Brown et al., 1992) . In these patients one copy of the WT1 gene is constitutionally deleted so only one copy remains and must be mutant if WT1 is important in tumorigenesis in these cases. Although we were confident that SSCP would identify most mutations, because of the high frequency with which mutations have been observed in the zinc finger regions of WT1 we decided to sequence exons 7-10 in the five tumours showing LOH anyway. All were shown to have the normal sequence as published by Haber et al. (1991) which confirmed our SSCP analysis. In two previous analyses of patients we were also unable to show abnormalities using SSCP. Thus, in one lIp-deletion patient, with bilateral tumours (Baird et al., 1992b) , and a patient with typical DDS (Baird et al., 1992a) all of these tumours. Although unlikely, another possiblity is that promoter mutations exist in these tumours which prevent normal transcription. We have previously shown that PCR analysis of RNA transcripts from tumours is not quantitative (Baird et al., 1992b) , due to the infiltration of contaminating normal cells, which also produce WTI transcripts. This makes it impossible to distinguish between RNA transcripts derived from tumour or normal cells.
Taken together our results suggest that allele loss on 1 lp is not always associated with WT1 mutation as might have been expected from the general LOH dogma. This suggestion implies that other recessive genes on lIp are being revealed by LOH. All five tumours in which we failed to find mutations in WT1 also showed LOH in the lIpl5 region and it may be that the LOH event in these tumours exposes a recessive oncogene in that part of the chromosome. Since WTI does not appear to be involved in this process, except in some cases of tumours from DDS patients, it is possible that other genes in llpl5 are more important in tumorigenesis as we have argued previously (Baird et al., 1992a; Cowell et al., 1991) . On this point, in tumour GOS 66, although the region of LOH extends beyond lp 13 it does not extend as far as the HRAS location in distal llpl5 (Wadey et al., 1990) . This tumour, therefore, defines the distal limit to the region which possibly contains the other important gene, between INS and HRAS. Clearly, the precise mechanism involved in Wilms' tumorigenesis in these tumours will have to await the cloning of the lp 15 gene(s) before this issue can be fully resolved.
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